The relationships between systolic and diastolic blood pressure, and select demographic, dietary, life-style, and anthropometric variables were examined for a specialized sample of 10,419 adults, 18 years and over, from the National Health and Nutrition Examination Survey (NHANES) I conducted in 1971-1974. The bivariate relationships of blood pressure to each of the measurements above were examined using zero-order correlation coefficients, and Step-wise linear regression. Age and body mass index (BMI) played a major role in accounting for most of the variance in blood pressure. These two indices alone accounted for 94.5% and 89.0% of the variance in systolic and diastolic blood pressure. In contrast, only 5.5% and 11.0% of the changes in systolic and diastolic blood pressure were explained by all other variables combined. Diet explained less than 1 % of the total variance observed for blood pressure for whites, and less than 5% for nonwhites. Select dietary variables such as sodium/potassium ratio, calories from fat, and % saturated fat were not significantly (p < 0.001) correlated to blood pressure. On the other hand, food calcium, sodium/calcium ratio, food vitamin C, and calcium/phosphorus ratio were significantly correlated to both systolic and diastolic blood pressure. 1 One in five persons (20.6%) in the civilian noninstitutionalized population of the U.S., 17 years of age and over, has been diagnosed as having hypertension.
I), 1971-1974. 3 -* Mean systolic blood pressure has repeatedly been found to increase with age. The mean diastolic pressure increases until about age 60 and then remains relatively constant. 5 -7 Differences in both blood pressures for sex and age groups have also been reported. Blacks have higher mean systolic and diastolic blood pressure than whites. 3 " 7 Education and family income vary inversely with mean systolic and diastolic blood pressure. 7 Blood pressure changes related to occupational stress have also been reported in men. 8 
Dietary Variables
Separate studies by Page, 910 Murray et al.," and Dahl and Love 12 -l3 have found an association between sodium intake and blood pressure in normotensives. Schlierf and coworkers, 14 however, failed to find such an association. Altschul and Grommet found the relationship of sodium intake to blood pressure to be dependent on a family history of hypertension. 15 The relationship between blood pressure and the ratio of dietary sodium to dietary potassium has also been examined. 15 Recent studies suggest that blood pressure may decrease with increasing levels of dietary calcium. 16 n In both animal and human studies it has been found that an increase in the intake of linoleic acid reduces blood pressure. ' 8 -
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Life Style Variables The failure of physical training to result in a consistent lowering of arterial pressure has been reported by several investigators. 20 2I Other recent studies have reported an association between alcohol consumption and blood pressure. 1 - 22 " 24 In women, blood pressure has also been found to be positively correlated to the use of oral contraceptives. 25 -26 Anthropometric Variables Many studies have found a strong association between obesity and blood pressure in adults. 27 " 31 Both systolic and diastolic blood pressures are found to be more highly correlated with weight/height indices of obesity than to skinfold thickness alone. 27 Subscapular skinfold thickness is more highly correlated to blood pressure than triceps skinfold thickness. 28 Increased subscapular skinfold thickness is probably considered to be indicative of weight gain during adulthood.
Other Multiple Risk Factor Studies
The Framingham Study and the four Chicago Epidemiologic Studies both examined the effects of many variables on blood pressure. 1 -31 None of these studies included a full analysis of the impact of dietary intakes, nor were the population studies representative of the U.S. population.
In this study, sampling is based on a probability sample of the U.S. population, and includes demographic, dietary, life style, and anthropometric measurements. The objective is to examine the relative impact of each variable on blood pressure, both singularly and in the presence of the other variables. It must be emphasized that epidemiological studies of this nature cannot be used to establish causal relationships. The relationships examined in this analysis are restricted to linear relationships. However, threshold effects should be considered since some metabolic effects are related to specific levels of nutrient intake. To fully understand the nature of the relationship between blood pressure and the other variables, a more complex analysis including nonlinear relationships (e.g., threshold effects) is necessary. The approach presented here provides measures of the relative strengths of the association for those independent variables that are linearly related to blood pressure, at the same time statistically controlling for potential confounding variables.
Results from this study can offer some insights into the relationships between blood pressure and other environmental variables to offer guidance for future experimental and clinical research.
Methods

Sample Selection
The sample consisted of a stratified cluster sample from the NHANES I survey conducted between 1971-1974. Subjects were selected from the noninstitutionalized civilian population with oversampling of subpopulations at nutritional risk. There were 20,749 individuals with dietary intake data. This survey included a 24-hour dietary recall, clinical examination, blood pressure measurements, anthropometric measurements, and questionnaires. The respondents were asked questions about their physical activity, their frequency of saltshaker use, medical history, and, for female subjects, their use of oral contraceptives. Of the original sample of 20,749 in the NHANES I study, a select sample of 10,419 was used for this analysis. This sample consisted of adults 18 years and above who were not being treated for hypertension or engaging in unusual dietary practices (table 1) .
Statistical Analysis
The statistical analysis utilized a zero order correlation to examine the relationship between blood pressure and each of the independent variables as defined in table 2. A stepwise regression was then run for each race-sex group separately for selected independent variables.
Results and Discussion Table 3 shows the zero order correlations for each of the independent variables to systolic and diastolic blood pressure. The most prominent observation from the zero order correlations is not what is statistically significant, but rather what is not. There were no statistically significant differences at /; < 0.001 between blood pressure and sodium/potassium ratio, calories from fat, or percentage saturated fat. Calcium, sodium/calcium ratio, food vitamin C, and calcium/ phosphorus ratio were significantly correlated with both systolic and diastolic blood pressures. However, the combined dietary variables explained less than 1% of the variation in blood pressure for whites, and less than 5% for nonwhites.
Anthropometric variables such as body mass index (BMI) were positively correlated to blood pressure. In contrast, income and education were negatively correlated with blood pressure.
To ensure that these correlations were not an artifact of interactions between variables, the results were replicated on specific race-sex groups. These groups had been previously reported as having a relationship to blood pressure. 5 " 7 - 27 The results showed differences in mean blood pressure for each of these race-sex groups. Although age and BMI were found to be the primary determinants of blood pressure, their zero order correlations differed substantially by race and sex as shown in table 4. To explore the interrelationships between the demographic, dietary, life style, and anthropometric measurements, and blood pressure, a more sophisticated analysis was employed. The assumption made in the multivariate model was that the variables were not only related to blood pressure but also to each other. The specific procedure used in the analysis was stepwise linear regression. Two important types of information were derived from the regression analysis: 1) the order of entry into the regression equation, and 2) the percentage change in blood pressure from a given percentage change in the independent variable, defined in this instance to be the elasticity. As shown in table 5, the elasticity of BMI for diastolic blood pressure was 0.253 for white males. This meant that for each 1% increase in the BMI, the blood pressure would increase by 0.253%. This was four times the elasticity for age in this group. Elasticity was used instead of regression coefficients or standardized coefficients since it communicated more clearly the effect of the independent variable on blood pressure. The calculation for elasticity as defined in terms of the regression coefficient was:
TABU-1. Sample Sizes and Reasons for Exclusions
where E x = the elasticity of any independent variable x, R x = the unstandardized regression coefficient of blood pressure (y) on x, x = mean for independent variable x, y = mean blood pressure.
The most notable finding was the paucity of variables that were significantly related to blood pressure. Age and BMI explained virtually all the explained variance. These variables were the first to enter the stepwise regression equation and had the highest elasticities (table 5) .
All of the independent variables explained 31.1 % of the variance in systolic blood pressure. As seen in table 6, age and BMI together accounted for 94.5% of the explained variance. A similar relationship was seen for diastolic blood pressure.
Discriminant function analysis was used to further examine the relative impact of age and BMI. This provided a measure of the relative effectiveness of age and BMI in correctly classifying individuals as normotensive or hypertensive. As shown in table 7, the other selected variables, in addition to age and BMI, did not substantially increase the accuracy of the classification, except in the case of nonwhite male hypertensives.
Further analysis was conducted to separate out the effect of BMI from age. Using systolic blood pressure as the dependent variable, the effect of BMI on blood pressure controlling for age was calculated, as part correlation in table 8. To compare this effect with the effect of other selected variables, the ratio of the part correlation for BMI and the part correlation for all other selected variables combined was also analyzed. For white males and females, and for nonwhite females, BMI controlling for age explained more than 2.3 times as much variance as all other selected varia- 
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bles combined. However, for nonwhite males, the result was quite different. First, the amount of variance explained by BMI alone controlling for age was about half as much as for the other race-sex groups. Furthermore, BMI explained only one-third as much variance in systolic blood pressure as the remaining variables. This suggested that BMI might have a smaller role in affecting systolic blood pressure in nonwhite males. No analogous results were available for diastolic blood pressure since the comparisons depended on age entering the stepwise regression equation first.
Conclusions
Since the results for nonwhite males differ substantially from those of the remainder, the conclusions for these two groups are considered separately. For white males and females and nonwhite females, two distinct types of conclusions can be drawn from this study. First, it appears that, for adults not currently being treated for hypertension, many of the demographic, dietary and life-style variables are not significantly related to blood pressure. Almost all the explained variation appears to be a function of age and BMI. Although it can be concluded that age and BMI have a substantial linear impact on blood pressure, it is difficult to conclude that the other selected variables have no meaningful effect. This model tests only for linear effects. However, for both alcohol and food sodium intake there are studies that suggest a threshold effect on blood pressure, thus implying a possible nonlinear relationship.
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Results from using a one-tailed test at a = 0.001 indicate only that the null hypothesis, i.e., that the selected variables besides age and BMI are unrelated to blood pressure, cannot be rejected. There is no support in the NH ANES I data for the contention that dietary or life-style variables are significantly related to blood pressure, after controlling for the effects of age and BMI.
For nonwhite males, the effect of BMI on blood pressure is substantially less than that observed in the other race-sex groups. Furthermore, for most dietary variables, strong zero order correlations with blood pressure are found among nonwhite males. This suggests a more important role for dietary factors in this group.
For the total sample, age and BMI in the linear regression model account for only 31.1% and 21% of the variance in systolic and diastolic blood pressure (table 6) . Therefore, there might be other important variables that were not measured in the NHANES I survey. One of these variables is probably family history of hypertension, which was not available in this study but has been reported 15 as having an effect on blood pressure.
Another shortcoming of this study is related to the scale of measurement of the independent variables. For example, physical activity is measured with a selfreported three-point scale. Problems with both the selfreporting method and the small variance inherent in a three-point scale could have reduced the observable correlations. Another problem involves the dietary measure of certain nutrients, especially sodium intake: only sodium in food was recorded, and not sodium added at the table or in cooking.
The literature shows a myriad of variables affecting blood pressure for a typical adult population. In this study, it is demonstrated clearly that age and BMI alone are the most important factors affecting blood pressure. Since the dietary variables accounted for less than 1% of the variance in blood pressure changes, future efforts will include an indepth analysis (using a causal path model approach) of the relationship between blood pressure and the contribution of specific dietary components, eating patterns, and a family history of hypertension.
